Three patients operated upon under hypothermia for severe valvular pulmonic stenosis had right ventricular pressures in excess of 100 mm. Hg after open valvotomy. The residual obstruction, localized by pressure measurements to the subvalvular region, appeared to be due to greatly hypertrophied musculature in the outflow tract of the ventricle. Infundibular resection was not attempted. Electrocardiographic signs of right ventricular hypertrophy gradually disappeared, and cardiac catheterization about 1 year after surgery showed normal or nearly normal right ventricular pressures. Postoperative improvement is attributed to regression of hypertrophy of the right ventricle consequent to relief of obstruction at the valve.
OPEN pulmonary valvotomy through the pulmonary artery in the hypothermic patient was adopted at The New York Hospital in January 1956 , because the relief of valvular stenosis afforded by this technic was reported to be more complete than by closed methods.1-3 It was anticipated that correction of the stenosis by an adequate valvotomy would be evidenced in the operating room by a prompt reduction of right ventricular pressure to nearly normal levels. However, within the first year of experience with this operation, 3 patients with severe valvular pulmonic stenosis and intact cardiac septa were encountered who still had a right ventricular pressure in excess of 100 mm. Hg after completion of the procedure. An area of obstruction to pulmonary blood flow remained which, by pressure measurements obtained by needle puncture through the ventricular wall, was localized to the subvalvular portion of the right ventricle.
When this situation was first encountered, we were confronted with a difficult decision.
To open the right ventricle and reseet the obstructing tissue was deemed unwise, because of the risk of inducing uncontrollable ventricular fibrillation in the hypothermic heart..But to do nothing further and leave the patient with an obstruction sufficient to produce a right ventricular pressure greater than 100 mm. Hg also caused us concern. There seemed to be less risk in the second choice; so it was decided to see how much benefit would be derived from relief of the stenosis at the pulmonary valve. Should additional surgery on the infundibular area be necessary, it could be done with the aid of extracorporeal circulation. There was hope that this obstruction was due to hypertrophied musculature that would decrease in size after valvotomy lessened the work load on the right ventricle; but there was little evidence at the time to indicate such a fortunate outcome ever happened.
Observations on these 3 patients are reported below. The pressure measurements are summarized in table 1 . Cardiac catheterization was performed within the few weeks preceding operation and from 10 1144, 1957.) infundibular exploration, when the circulation had been restored, the incision in the pulmonary artery sutured, and the electrocardiogram, pulse rate, and systemic blood pressure had returned to pre-ocelusion levels. fig. 1) , and electrocardiograms showed progressively more marked right ventricular hypertrophy with the development at age 5 of right ventricular "strain." She was acyanotic, but had a left parasternal bulge and a systolic thrill and murmur in the pulmonary area. The pulmonary component of the second heart sound, was diminished.
The findings were those of severe valvular pulmonic stenosis with intact cardiac septa. However, 2 features raised the question of accompanying infundibular stenosis: first, the wide radiation of the systolic murmur along the left sternal border from the first through the fourth interspaces and second, the absence of much poststenotic dilatatiop of the main pulmonary artery ( fig. 1) .
At cardiac catheterization ( After adolescence she continued to live comfortably within the restricted activities advised by physicians. She did not return to the hospital until age 27, this time because of infertility since her marriage 61/2 years earlier.
Her blood pressure was 120/70 and the pulse was 80. She was not cyanotic, and there was no clubbing. Cardiac findings included a slight left parasternal bulge, a coarse systolic thrill, and a long, loud, harsh systolic murmur maximal in the first and second interspaces and audible over the precordium, in the neck vessels, and the lung fields. The pulmonic component of the second heart sound at the base was inaudible. Diastole was clear. The neck veins were flat, and the liver was not enlarged or pulsatile. Peripheral pulses were normal.
Roentgenograms and fluoroscopy of the chest in frontal and oblique projections showed a cardiothoracic ratio of 45 per cent and slight enlargement of the right ventricle. There was normal prominence of the main pulmonary artery ( fig. 4 ). Pulsations were diminished in the branches, and pulmonary vascularity in the peripheral lung fields was slightly decreased. An electrocardiogram showed right ventricular hypertrophy and "strain" with T-wave abnormalities more marked than at age 13. The blood count was normal.
The impression was severe valvular pulmonic stenosis with intact cardiac septa. (fig. 7) . Her heart size was normal, the second sound in the pulmonic area was easily heard, and at the left base there was a soft systolic murmur followed by a short, soft diastolic murmur of pulmonary insufficiency.
By this time she was 3 months' pregnant and on the first anniversary of her operation she gave birth to a healthy girl. She tolerated the pregnancy and delivery without difficulty.
Three months later cardiac catheterization was repeated. The cardiac output, previously restricted, was greater than normal and the pressures were normal. The systolic gradient between the right ventricle and pulmonary artery had been completely abolished ( fig. 5 and table 1 The heart size decreased ( fig. 8) figure 10 by a section made through the pulmonary arterv, pulmonary valve, and adja- cent right ventricle of a 5-year-old boy who died in heart failure from this congenital anomaly. The tremendously hypertrophiemuscle fibers and fibrous tissue in this region are shown in figure 11 . Iln addition to the uimiforin hypertrophy of the wall of the right ventricle, there are 2 muscle bundles ill the infundibulum that are particularly enlarged in. this malformation. Both Brock6 and Kirklin and associates7 have called attention to the importance of these bands in narrowing the outflow tract of the right ventricle. One, the crista supraventricularis, extends from the pulmonary valve down to the anterior wall of the right ventriele. The other bundle, composed of parietal and septal bands, extends from the pulmonary valve down along the ventricular septum.
The thickening of the musele wall and of these bundles was sufficient to produce significant narrowing of the outflow tract in 4 of 6 specimens of marked pulmonic stenosis with intact ventricular septunm reviewed by Kirklin.7 This was true also in 6 specimens with this malformation available for re-exanliniatioHi fromn the autopsy files at the New York Hospital. These 6 patients died as a result of severe valvular pulmoniie stenosis at the ages of 7 and 15 days, and 2, 41/2, 51/, and 30 years.
To evaluate obstruction of the subpulmonary tract, Bing and his co-workers8 made a paraffin cast of the cardiac chambers and pulmonary artery of a man who died with pulmonic stenosis and atrial septal defect. They stated that although muscular hypertrophy may exist in this condition, it did not result in narrowing of the right ventricular outflow tract. We believe it may have been the inability to evaluate by this technic the dynamic role of muscular contraction that led to their opinion.
It is difficult to apply to the living patient the information obtained from postmortem specimens. Though these indicate co-existent ENGLE, HOLSWADE, GOLDBERG, LUKAS, AND GLENN infundibular narrowing in some patients with marked valvular stenosis, a better estimate of the situation during life may be obtained by visualization of this region during systole and diastole. Angiocardiographic studies by Kjellberg and co-workers" and by Campeti10 did not show a fixed infundibular obstruction in patients with valvular pulmonic stenosis. These pictures showed no constriction early in systole, but they graphically portrayed the narrowing imparted to this region at the end of systole by forceful contraction of the crista supraventricularis, hypertrophied muscle bands, and ventricular wall.
Rodbard et al."1 described pressure changes at cardiac catheterization in 10 patients in whom he postulated that muscular contraction in the infundibular region served as a mechanism of pulmonic stenosis. He demonstrated the development of a gradient between the ventricle and the pulmonary artery that was greater in late than in early systole. In one of these patients a muscular ring was found at surgery.
Exaggeration of the infundibular narrowing by myocardial contraction was appreciated in case 2 of this report by the surgeon as he felt the muscle tighten about his finger. On withdrawal of the finger, the subvalvular portion of the ventricle could be seen to close like a sphincter.
Of interest in regard to infundibular muscular hypertrophy as a mechanism of obstruction of pulmonary blood flow is the description by Gasul and his co-workers12 of the development of infundibular stenosis in infants with ventricular septal defect. They had increased pulmonary blood flow and no evidence of pulmonary stenosis on first catheterization. Though the mechanism responsible for this development is probably different, similar anatomic and functional changes may occur in the outflow tract of the right ventricle in these 2 situations, one with increased and the other with impeded pulmonary flow.
The size of the pulmonary valve ring may also contribute to the obstruction to pulmonary blood flow that was found after valvotomy. This is difficult to evaluate because no measurements of the valve ring were made in the 3 patients, though the area appeared smaller than normal. Less attention has been paid in the literature to the circumference of the valve ring in this anomaly than to the size of the opening in the fused cusps. However, there are a number of reports in which the ring of the pulmonary valve was found to be small when the stenosis of the valve was marked. For example, Ordway et al. 13 found the circumference of the pulmonary valve ring to be 4 cm. in a 25-year-old man whose aortic ring measured 6 cm. The central opening in the stenosed pulmonary valve was 2.5 mm. in diameter. The pulmonic valve ring of a 39-year-old man reported by Selzer and collaborators14 measured 5 cm. in circumference, in comparison to the aortic ring, 7.2 cm. The tiny orifice in the pulmonary cone was 2 mm. across. One of the specimens reviewed by us was that of a 30-year-old woman, whose pulmonary valve was 4.5 cm. and aortic valve 8 cm. in circumference. The diameter of the opening in the diaphragmlike pulmonary valve was 2 mm. According to Saphir15 the circumferences in the normal adult are 8.5 cm. for the pulmonic and 7.5 cm. for the aortic valve.
Calculations of the pressure-flow relationships across a valve of this limited circumference indicate that the area enclosed by the ring is not small enough to cause more than a mild obstruction. It is possible, however, that the slight systolic pressure gradient observed at postoperative catheterization in patients 1 and 3 may have been due to a smaller valve ring than is normal.
In our 3 patients, it is puzzling why only 1 area of stenosis was detected by preoperative cardiac catheterization if 2 areas were found to exist at operation. In case 2, repeated withdrawals of the catheter from pulmonary artery to right ventricle gave a sharp pressure change at the region of the pulmonary valve, with no indication of an intermediate zone (fig. 5) . In case 1, a few ven-REGRESSION OF STENOSIS FOLLOWING HEART SURGERY tricular premature beats occurred as the catheter entered the ventricle from the pulmonary artery, so that the pressures for these few beats were more difficult to evaluate. Nonetheless, the change to a high pressure seemed to take place at the level of the valve. In the third patient, the tip of the catheter appeared to hang in the region of a pulmonary valve. The probable explanation for the paradoxical appearance of a second area of obstruction after valvotomy was suggested by Brock.6 When the valve was intact, he thought that the high pressure in the ventricle distended the chamber so that the thick muscular walls of the infundibulum were held apart. Relief of the obstruction at the valve might lower the pressure enough for the walls to come together and produce a subvalvular stenosis with hypertension proximal to the block.
Although this explanation indicates that the infundibular stenosis becomes significant after valvotomy, it is of interest that clinically 2 patients (E. L. and E. R.) had features that preoperatively suggested associated infundibular stenosis: absence of poststenotic dilatation so common in valvular pulmonary stenosis, and in the first child, wide radiation of the systolic murmur along the left sternal border rather than maximal localization in the second interspace.
Cineangiocardiography or selective angiocardiography with frequent exposures correlated with the electrocardiogram might help in the preoperative distinction between a fixed subvalvular obstruction, rigid during all phases of the cardiac cycle, and one due to contraction of thick muscle.9' 10 One may speculate on the reason for continued improvement in these patients who were left with an important area of obstruction proximal to the one that was relieved surgically. The work of the heart was lessened by the decreased resistance at the valve. 
